SUMMARY: The applicability of recently developed NMR techniques in the 'H NMR spectroscopic analysis of lignins has been examined. Spectra of acetylated spruce lignin recorded at 500 MHz differ only slightly from those recorded at 270 MHz; peaks due to H a in P-0-4 structures ( 6. . 6.0) and HP in 0-5 structures (6 = 5.5) are more resolved in the 500 MHz spectra and the shapes of the peaks resemble those obtained in decoupling experiments at 270
'H NMR spectrometry is a useful tool for the analysis of lignins and lignin products in pulping liquors. A comprehensive 'H NMR study of spruce lignin and lignin model compounds was published in 1964 by Ludwig et al. (1) . This work together with contributions by other groups [cf. Ludwig (2) ] provided a basis for studies of lignins by 'H NMR spectroscopy. In most of the early studies the spectra were recorded at 60 MHz. 'H NMR spectra of lignins recorded at higher frequency (e.g. 270 MHz) are more resolved than the 60 MHz spectra (3, 4). The use of Fourier transform instruments also constitutes an improvement, since it makes it possible to record spectra with a favorable signalhoise ratio and very accurate spectral data can be obtained. In conclusion, the use of modern instruments strongly increases the possibilities to record 'H NMR spectra of lignins which permit an interpretation in structural terms. The present paper includes 'H NMR studies of acetylated spruce lignin by the use of 2D COSY technique (400 MHz) as well as by examinations of conventional spectra recorded at 270 MHz and 500 MHz.
Effects of increased spectrometer frequency
A 500 MHz spectrum of acetylated spruce lignin (fig. I) differs from the corresponding spectrum recorded at 270 MHz (4) primarily in the respect that the peaks at 6 = 5.5 and 6 5 6.0 have a more resolved character in the 500 MHz spectrum. A similar resolution of the topical peaks is observed in 270 MHz spectra on decoupling at adequate frequences (ref. 4 and fig. 2 ). Thus the primary changes caused by increased spectrometer frequency can be explained by the fact that the spacing due to spin-spin coupling expressed in 6 units is smaller at 500 MHz. This implies that each one of the peaks at 6 = 5.5 and 6 5 6.0 is primarily caused by a single type of protons since the effects observed in the above described experiments otherwise hardly would be of detectable magnitude. This is in agreement with previous studies which suggest that the peak at 6~6 . 0 primarily is due to H a in 0-0-4 structures (I) while the peak at 65.5 primarily is due to H a in 0-5 structures (4). 'H NMR studies suggest 1-2070 side chains of the type present in secoisolariciresinol structures (7 attached to the lignin) or 3-aryl-l-propanol units in spruce lignin (4, 7). The 2D 'H NMR studies presented in this study provide qualitative evidence for the occurrence of 3-aryl-l-propanol units in spruce lignin. Support for the presence of such units in lignin has earlier been obtained from studies of lignin hydrolysis products (8, 9) . The occurrence of 3-aryll-propanol as well as secoisolariciresinol structures and other structural elements of the lignan type has recently been discussed (10) . The side chains in 3-aryll-propanol units and secoisolariciresinol structures have a lower degree of oxidation than those in phydroxycinnamyl alcohols. Therefore the occurrence of structural elements of these types in lignins does not fit with the theories for the biosynthesis of lignins which assume an oxidation of p-hydroxycinnamyl alcohols as the last step.
The 2D NMR studies presented in this work were performed in the course of an investigation of various 
Discussion
It is possible to obtain more resolved 'H NMR spectra of lignins by increasing the spectrometer frequency. Spectra recorded at 270 MHz and 500 MHz differ only moderately. Nevertheless it is possible to draw structural conclusions from comparisons of spectra recorded at 270 MHz and 500 MHz. 
Experimental
All the 'H NMR spectra were recorded with deuteriochloroform as solvent and TMS as internal reference. The temperature was 300 K. For the recording of conventional spectra Bruker instruments (Bruker WH270, Bruker WH5OO) were used. The 2D COSY spectra were recorded on a Varian 400 XL instru-
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Cont. from p. 209 Literature ment. The standard COSY-90 pulse sequence was used, since it gave the clearest cross-peaks. The delay time was set to 4 sec; maximum T1 was measured to below 1 sec. A total of 512 increments with 32 scans in each was recorded. The number of data points was set to 2048 with a sweep width of ca. 4200 Hz. It was possible to change the intensity of the cross-peaks by setting a fixed delay time to emphasize smaller couplings.
Experiments with COSY-45 and COSY-60 pulse sequences gave less pronounced cross-peaks. The DQCOSY pulse sequence was also tried, but no improvement compared to the COSY-90 spectrum was observed.
